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(54) HIGH STRENGTH HOT ROLLED STEEL PLATE 
EXCELLENT IN UPSET BUTT WELDABILITY 
AND FORMABILITY AND ITS PRODUCTION 

(57) Abstract: 

PURPOSE: To produce a 780N/mm 2 class high 
strength hot rolled steel-plate excellent in upset butt 
weldability and formability and suitable for the 
production of an automobile wheel rim. 

CONSTITUTION: This high strength hot rolled steel plate 
having a compsn. essentially contg., by weight, 0.07 to 
0.12% C, 0.1 to 0.6% Si, >2.0 to 2.5% Mn, 0.025 to 



0.060% Nb and >0.10 to 0.15% Ti, having a 
fine-grained ferritic structure with 25u.m average grain 
size as rolled, ^SON/mm 2 of tensile strength, product 
of the tensile strength TS (N/mm 2 ) and uniform 
elongation U-E1 (%) is regulated to 3 10000N/mm 2 %, and 
the method for producing the same is provided. If 
required, either one kind among Ca and rare earth metals 
may be incorporated therein. Thus, the plate thickness 
of a wheel rim can be reduced, and it contributes to the 
lightening of an automobile weight. 
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(57) mm 

8 0N/mm ! SiJS?$S«:®»« : S:a«'t-^o 

[4ftjft] M%t% ±t:c : o. 0 7~o. 12%, 

S i : 0. 1-0. 6%> Mn : 2. OtS-2. 5%. 
Nb:0. 025-0. 0 6 0%, T i : 0 . 1 0 jg- 
0. 1 5%*»<b4»>, EIJJT-f^ B B a et5 M m BL 
T<r>M®.y hSiitL, 9l»9ft$ 7 8 ON/m 

m 2 JBLh, (N/mm 2 ) fc-^ffWU- 

E 1 (%) 0»r-l 0 0 0 ON/mm 2 %J£JLh-C*&7 

mmffi.t*<?m&j]&o asiasc-cc a, remove 
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C : 0 . 0 7-0. 1 2 % 
S i : 0 . 1 - 0 . 6 % 
*- Mn : 2. 0j&- 2. 5% 
P : 0 . 0 2 0 %JBLT 

s : o . o i o %£kT 

Ai:0. 004-0. 050% 
Nb : 0. 0 2 5-0. 0 6 0% 
t i : o. i om- 0. 1 5% 10 

C a : 0 . 0 10 0 %\XT <M%M<r>*9i J k*-£tj) 

r em : o . 050 %jjht mmwm&i^ts) 

*> >K JE&i i T^F^ttatta 5 a< mJeiTOfflifi 7 i 
9>f Mil**#U 919191$ 7 8 ON/mm 2 £Lt, 91 
SS?TS (N/mm 2 ) t-«#ff'U-E 1 (%) O 
St-C-l 0 0 0 ON/mm 2 %VA±X-&Z>Zt*!$WLt-f 

[It** 2] *4%-e 

C : 0. 0 7-0. 12% 

S i : 0 . 1 - 0 . 6 % 

Mn : 2. 0j&-2. 5% 

p : 0 . 0 2 0 %WT 

s : o . o i o %&T 

Al : 0. 004-0. 050% 

Nb : 0. 025-0. 060% 

Tiro. i om- 0. 15% 

tin*., 30 

c a : o. oio o%i:it mmaom^-^ts) 

rem: o. 0 5 0%JiiT (*t*Sn<ot#^-^#tr) 

zzmftz, 123 ccJ-^oiaep^-c-tn^L, 

-tSKSrArs - 9 0 0Ci:U 5 0 0 - 6 3 0 *COi& 

85pmfllT<7)ie7x7^ U 9I5S5££7 

8 ON/mm 2 Jft±, 9I5S5-82TS (N/mm 2 ) fc- 
##^11 -E 1 (%) OffT- 1 0 0 0 0 N/mm 2 %Jtt 

[0 0 0 1] 

[S*±0=fiJflHHH 7y7*t? h'<? H§ 

7 8 ON/mm 2 &ft3ft£fti£*l« t ^OSS&y 4 ; 
[0 0 0 2] 



#Bf7-3 16 7 3 6 

2 

[0 0 0 3] SH«»0*-f -^M AOtiSfilgli, 
iSftlg, ?§&f*0 n - * t*frb&V)3.-oX 
#g&0 < JWiOffiffi, & £ O f f&*t8Btf>5£tt*E.t- <t &*J 

[0 0 0 4] L^L&rt s <b> Httfc* fWRfcilSSIlKflrf 
051565*^^5 9 ON/mm 2 m&foi£&UiXX$> 

%) o 

[0 0 0 5] *J-)VV&mtLXffimZtltz'&%:<7)% 
W«KH\ itWi-So i-^*?*>. #HPB5 

8 - 1 9 9 8 4 5#&«KBH^$*tfcW^ 3SS*t5£ES: 
4 9 ON/mm 2 iR4fc«5 9 ON/mm 2 fti + afc 

i, Nb, VOltHii^tl-eO. 10%aT**t 

^6 9 ON/mm 2 JSUl-CB 7 7 y v ^ :>y h j§«§&<7) 

B^<7)Mtrli 7 8 0N/mm 2 fifcO* ^ -^U ^fl§*3& 

[0 0 0 6] #MH8 6 1 -2 6 4 1 6 0 -^2r»fE*fctf>Sfe 
9JW\ 5 9 ON/mm 2 JfcOjtat/^y hi&«ffl*M£SI* 

t**s*H v 3 o omm&T!tzmz-z>fc#>, vm^t 

^Ceq = C+Si/24rMn/6 = 0. 28-0. 
3 4%lzm^ir^tti>K, ?M»iO/:i6Nbi:Ti 
£^fi-e0. 0 8%BLT**i-4 4 0"C*»), 7 8 ON 
/ mm 2 

[0 0 0 7] fflf 3 -2 8 3 4 6 #fi«E*^%W 

ii, ttt5M^4 9 0N/mm 2 mXALt-fktztxnm 
ititm^T i k Lt 0. 1 0%K1TML^ £*^J£U 
T0. 10%J^TONb, 0. 2 0%WTOVC0 lttJU 

fi^N^O. 0 0 2 0%^T. ii^Al^O. 0 0 5% 
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3 

'fcv>fc<7>0, flte®l^<biS* 6 9 ON/mm 2 S^iT'T- 
*^>o ifc, AftC, P, S<0±RW>I t*>f>4> 
7 8 ON/mm 2 i$£ffl;eL/.:iS3iSfbl-#T®1t#fb 

[0 0 0 8] ±SE%^tniT"(i, ft**?*** 1 ** 6 9 0 N 
/mm 2 ifUtT^oT, *§I93CD g ift i: & 7 8 0 N/ 
mm 2 £-e^l±flJ5iL-Cv>&^ 0 7 8 ON/mm 2 
*^-;MAffl|«Ki:LTt4#l§IBB6 1 - 1 3 6 6 2 3 
ffO. 15 o/o^TWT i i Wm^tMSI 

i cO^-eil^+^-T^) <9 (HI 1 , HI 2) , n 

[0 0 0 9] ifc, *f Afflt-PI^L^v^-g-O 
§I363££ 7 8 0 N/mm 2 «c^@§fi«t LTIi, #B3BB 
5 0-2 6 2 O^&Wl m&BB 5 6- 1 8 0 4 9f) \Z 
WHjkZihfzT i -Nbm#fm5Mk$itf s £>£o |5j£3SfE«c 
<0|§^T'(i, tnI1t, m%'&<r>tzib\'k!kmMt U 3$S 
l±0. 0 4 0%J^T<7)Nb i: 0. 5 0 0%HK*Ti/ 
C =l. 5-4. 0£«JE1-£T i K £ Zffilti&itlZ £ 
»)iiffiLTv^„ L^L&rt s <b, 3ift<75^:#liT i etc 
<fc&*raJ3Mb (Ti/c#3. ofi#r-m*) t-<fc*H# 

[0010] #P3BS 50-150622 (#&Bg 
5 7-4 7 2 5 6f) -CS^§^^?l5S5i? 7 8 0 N/ 
mm 2 IOT i m*fm?^bS^5£iS*ii> ES£ftlSc£» 
|i#i)^t*7i7'f hi: 1 5%KT, ii#5%J^T 

IfcWtf&Zo LfrLK&b. #HP8 5 0-2 6 2 0^& 
# (#<&BB 56-18049 #) mU, 3&«<0±#I4T 

SIJE.&S£1t^#?>*L&v> 0 
[0011] 

[f&l^ftl&Lio t-f^HUS] ^^-^'JAfflU 
/-fc-;/ h^y Ht«1t£fitxTv>;z>£J?^&o L^L 
Jii itSg&cD^Ai^b^^lW^SJtU 

T (4*£1tO * -C & — «# If IcgEttT v> & ^ t 

£<> J:oTfR*i-Mfl^i5v^r(±i<7)-1*#O f <0|p]±tv^ 

Xtt^Wai^^t^-**^ -A' 'J Affl§i«-CJ4, §136 
3IS-C7 8 ON/mm 2 iRJ3L±W«|«J±*fflft*ifCv» 

[0 0 12] 
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(4, ftffir^t? h'<* hj§S1tt^3i*. JSffitt 

14, &1t£IS«-f &-i:&<iS3ilJ9Hb1-£ (TSXU- 
E 1 2i 1 0 0 0 ON/mm 2 %) M^fiC, 
1&P, iSltU 3fi*l±S i, MnOHSKMfcx**: 

Nb, t i <o*fai3Ml:7c*-r-?liS-r^) feo-eabSo 

»-g-T i *oaj£^^H (0. 10%g) t#oMni 

;o <t>&ie£$eb (2. o%®) -e-*fc#iw&*JK£& t 
v»d t*:. itz, 7 y rf*.y h'*y tmgW 
OD-jusgttii, i-f, Ste-*lBo«itK*tLTM\ 
HfWS i , Ma, A 1 fc4ra«»*l$KKfL&*»J£-f 

Stffctt^HjSfiT****^** - t **, 5 9 0 N 

/mm 2 i&<0*4 -;VU Afflii«-eilE , ,$*l-TJ3t)> 7 
8 ON/mm 2 »t?*>*^T*abS £ £ fcftELfco * 
fc, ^«S ! f^»8B^)l»ft'fbl»lhl-OV»r{i, 7 8 ON/ 
mm 2 Nb*«*S!cC**Ci:S:*BLfc (S 

20 1, 12) o 

[0 0 13] £<A£ ; ?£*Dj!,£*Kfc$*L)t 

( 1 ) Sfi%T% CIO. 07-0. 12%, Si: 
0. 1-0. 6 %, M n : 2 . 0 ®- 2 . 5 %, P : 
0. 0 2 0%&T\ s : 0. 0 1 0%JttT, A i : 0. 
004-0. 0 5 0%, Nb: 0. 025-0. 060 

%, t i : o. i o@-o. i 5%1-imx., c a : o. 

0 1 0 0%£1T m%Z-m<Oi&&i'£tr) , REM : 0. 
50 0 5 0%WT (HS^inKOW^-i-^tr) OV»r*t*»l«* 
^815 FetPTSfiilTOitJ: Eli* 
t?¥^*S B H H #iS 5 fx mflT«7i 7 ^ h 
L, §l363i§ 7 8 ON/mm 2 J0L±, §I363*?TS (N 
/mm 2 ) t-WU-E 1 (%) (Otr-1 00 0 0 
N/mm 2 %JiUiT** 4It ^#Sc t~$~Z> T 7 T'-b 7 h 

[0014] ( 2 ) mi%T% C : 0 . 07-0. 12 
%, S i : 0 . 1 - 0 . 6%, Mn : 2. 0 jg- 2 . 5 
%, P : 0. 0 2 0%£TF\ s : 0. 0 1 0%&T, A 
40 1 : 0 . 004-0. 0 5 0%, Nb : 0. 025- 
0. 0 6 0%, T i : 0 . 10 ©- 0 . 15 %HfiDx., 
Ca : 0. 0 10 0%JJ1T mmWWi&Z^tt) , R 
EM: 0. 0 5 0%JTF (it?^tn<0*^-S:#tr) <0V»i* 
tt^ltt*^, ^SPF e fc^nr«W^*e ! fe^f>'fc*il 
>V5r, 1 2 3 0t!&±O»Jft*T?tWftU ^®tt±i&* 
^rAra -90 0t;tU 5 0 0 - 6 3 0 t:ofi)£^i& 

raaTW|S7x7'( hftM^^L, §I363£S 7 8 0N 
/mm 2 J0L±, §I3636$TS (N/mm 2 ) 
50 U-E 1 (%) OSTCl 0 0 0 ON/mm 2 %BL±"e* 
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[0 0 15] 

o 

[0 0 16] ##&^wfefrcr>K5E3E&Kov>TI¥ 

%><> --n, czMZimm-tzztit, *y-^>jas 

£0. 1 2%t-f^)o 

[0 0 17] Si it, B»arffc«r»LT3to£i:ffite*fil 

ftCli, ^<t^0. 1 %Z&m-tZ'&&&$>2>o L 
0. 6%SrjgxT#'*tc?^Sni-St, HV- 

[0 0 1 8] MnJ±, SBo5£JS£ftA&£*t-'.&^*> 
0, 7 8 0N/mm ! Ja±ogi3HSl$*«portaN*Sl* 
Sr#S^*tIii, 2. 0%*jax.-S?S*n* i 'jSi>5?T***o 

I), #Jtt<0)lHi:4^ 1 1 tic, »2ffi* j e«^36U ?J ^ 
t<, 3S14£&#ft:$-£-&£fca^ ?SSn*0-hPSii 
2. 5%ttZ>o 

[0 0 19] Pl±> Ztlim*izMMKtt2-<tZ>t& 
it, **NEtt£lt-C& < , #ftStf£fci<>, 
^£4l±^£&rtfltffi:v> 0.0 2 0%JilTt 

Lfco »i t<{±, «JK«lKfi«L0. 0 10%»Tt 
tSO^'. Sl±> ttftL^MnSOftiiJi?^ 

■e-0^filiT*§*f£lt®v»{5^^< 0. 
0 1 0%&TtLtZo »*L<I±, 0. 0 0 5%£TFfc 

[o o 2 o] A l li, m<r>ym.<r>tztbKQ. 0 0 4%Jil 

fix S i ra^T- h l^-?-<D£.j&£t!jft-r&7ti6±|!& 
£0. 0 5 0%t LtZo »tL<it, 0. 0 2 5%£IT 

itffi±<?>tz)b&W*-5SX.%7im-e*>i) (mi) , *<r>tz 
#>izit, o. o 2 5%m±oi3s*D^ ? '£-S'e*'?)o ifc. 

0. 0 6 0%^®x.T?^PL-C ! J>-?-oa*<0[6]±li%t- 
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[0021] t i i±, m*mzimm&iti~ i vmote 

j££ft*&£i&iifo&n£*l&&OT**.&;5*, 7 8 0 N/m 
m2 £Lt09l3ftat *>OTSXU-EU10 
OOON/mm 2 %<0/<9^^*lHSt4)tfti:iiO. 
1%SCU !i'OMni2. 0%jgtC-f&£-^;$ ? £>&- 
ttft>frotz e ffcTii#0. 1 5%SrSxT<>5S'fb 

[0 0 2 2] COfti:, Si:ft*Ltfr«E»S:3W«fcL 

;o mtsi-tzz. ttfX*%Z> 0 iwi^iM^MHC 

(i, C a tCo^T!±0. 0 0 0 5%, REMtCOV>T(± 
0. 0 0 5 %Jil±Oi$tfm£<J&Sfc L**U j§^^ 

mutxi>, tt^n^at^^^^ht, 

%&(DX\ ife&DiOJbl&tt, Cai:wtli0. 0 1 
%, R EMtlov^-Cli 0. 0 5%tt4 o 
[0 0 2 3] ^:ag^ttt:ov>T#at5. *n&zS« 

(±, Eemrawr t i * x wn b ««jint*:«»-e*4 - 

t-t)S-£-&X$>2>Z tfrh 1 2 3 0'CJil±^£<^T-*'2> o 
20 3«Sft±SKi;i:, Ars ^H6W±. 9 0 O^XTXh 

2>£-mtf*>z>c smttjL&ma*. Ars 

[0 0 2 4] #JRi&KJ±> 5 0 0 "CJSLt 6 3 0 "CITF t 

it, *<r>iim8LtLxm^xi>£<, itz, m«Lr 

[0 0 2 5] 

[^ife^J] *i ^-t****i- *«I*<E«JUT»»L 

mmmmKxxyy'tLtcfe, jsefctfofc. sio^ 

■to *§£WmXit, ^tfli>, ¥*&eti5 M maT<7>M 
40 [0 0 2 6] ffftHRl*£ Lt, **j-03ia«Rtt J I S 

TS2s7 8 0N/mm 2 X$> *) , TSXU-El^ 
1 0 0 0 0N/mm 2 % i: 4 Ltv>f: 0 CLtt 

lc*tL, JttKtfO-Cti, ®M£sft-£ LXMfmfe&i&^t: 

»#1 3t(±+^4*f{ll?*'fb7i ? #'otT.-f®S^Ji.i: 

ii#i 5m ft-tia 

*#1 6t?l±, ^ia«* s ffi<^^^l' h^iSALStt 
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.^#2 3 liPmrffc^fztb. $3S<Dfl#2 4 fiSJb^Si^ 

#1 9t±C*jJ*1B:v>*:*!>, llQcDiS#2 2liMnii s ft 
v>££>. ilV<Dfi#2 7I±T ii^fcif), 
»*^jat«foTV»*o f fclWOif 2 8I±T i 
0. 1 4 fclX?)If2 9iiMn4rt s 

2. 0%£#J£/.:46, T S XU-E 1 <0fil3&*g1HttCg 

[0 0 2 7] Jfc,'7?^7M7 hj^SBO^K 

t±, &&WC<r>%lil& 1 mm*«O&<0£O£P, 1mm 

fc*£-IfaftJK**r*-4o Jt^T-(±, iO«if2 0£ 
J: tFfi P cOfi# 2 1 , ISOff 2 4, iHTO$i#2 5 
-Ttt##1B(= 1 mmJfll±Otl*».*«i*Lfco *OT?l±, 



(5) if#H3¥ 7-3 1 6 7 3 6 

8 

ip-eit isetcs i s i&mitvotM 

«6-f > fflttlft KM n Ltztztbt?4b-o 

v>fco SIT-Cli, A 1 A 1 jKKfbW^VC 

[0 0 2 8] 7 7 7'-t7 h^'y hM9!^^tt*ff 
m-fktztb. 8 0 orKin&SeSi^U ?§«&f£SSB<S> 
iftl**WRLfcft, J I S 5-§-?l5Si*S£>i-i 
70 &L£o femmmm*h<nm$m.$'fti)K 7 0N/m 

ftTfciK J!I«3l^5iJ£^<a&*ifc^fU s 7 ON/m 
m 2 mTO*-^*Oen. 7 0N/mm 2 m^t^ixW 

Tv>5. J£tt0O*53lUtf>Sl#2 6 (is NbtWSvfc 

[0 0 2 9] 
[*U 



s 


fl 










<t ¥ jfc 




(wt 96) 








a* 


c 


Si 


Mn 


P 


s 


Al 


Nb 


Ti 


N 


Ca 


REM 




A 


0.0 9 


0.3 0 


2.1 7 


0.0 0 7 


0.0 0 3 


ao i 8 


ao 4 o 


0.1 1 3 


ao 0 3 7 








B 


0,0 7 


0.6 0 


2.0 5 


ao o 7 


ao o 3 


ao i 9 


ao 4 i 


0.1 1 1 


ao 0 3 8 








C 


0.1 2 


0.1 9 


2.1 3 


ao o 9 


ao o 3 


ao 2 3 


ao 4 o 


ai 2 2 


ao 0 3 5 








D 


0.1 1 


a i o 


2.0 7 


ao i o 


ao o 4 


ao 1 7 


0.0 8 9 


at o 9 


a 0 0 3 3 






% 


E 


0.0 8 


ai 5 


2.5 0 


ao o 9 


ao o l 


ao 1 5 


0.0 3 8 


ai 35 


0. 0 0 4 4 






F 


0.1 0 


as 3 


2.0 1 


ao o 7 


ao o 3 


ao l 2 


ao 4 l 


ai o 6 


a 0 0 3 5 






■91 


G 


ao 9 


ai 2 


2. 1 0 


ao 1 5 


ao o 8 


0.0 2 1 


ao 6 o 


ai i 4 


ao 0 3 7 








H 


0.0 9 


0.3 1 


2.2 9 


ao o 9 


ao o 3 


ao i 6 


0.0 2 5 


ai 2 1 


a00 37 






#J 


I 


0.0 8 


0.2 2 


2.1 0 


ao l o 


ao o 2 


0.0 2 2 


0.0 3 2 


a 1 5 o 


0. 0 0 4 1 








J 


0.0 9 


0.2 0 


2.0 4 


ao o 8 


ao o 4 


ao i 7 


ao 4 2 


0. 1 0 1 


0. 0 0 3 2 








K 


0, 1 0 


0.1 3 


2. 1 6 


ao o 7 


ao o 3 


0.0 1 8 


ao 34 


0.1 0 6 


a 0 0 3 5 


0. 0 0 3 2 






L 


0.0 9 


0.2 9 


2.33 


ao o 8 


ao o 3 


0.0 2 5 


0.0 2 9 


0.1 2 0 


a0 0 36 




0.0 2 6 




M 


0.1 6 


0.2 8 


1.6 3 


0.0 2 0 


ao o 5 


0.0 3 5 


0.0 3 6 


ao 8 i 


0. 0 0 3 5 








N 


0.0 5 


0.2 1 


2.0 4 


ao l o 


ao o 4 


0.0 2 5 


0.0 4 1 


0.0 7 8 


0. 0 0 3 8 








0 


0.0 8 


1.0 2 


1.6 2 


0.0 0 8 


ao o 3 


0.0 2 4 


0.0 4 0 


0.1 1 2 


a 0 0 4 2 








P 


0.1 0 


ao 5 


2.2 8 


ao 1 5 


aoo 4 


0.0 2 8 


0.0 3 9 


0.1 0 9 


a o o 4 o 






it 


Q 


0,1 0 


0.3 3 


1.5 2 


ao i 7 


ao o 5 


0.0 2 2 


0.0 3 6 


ai o 3 


a 0 0 3 9 








R 


0.1 0 


0.3 2 


1.9 7 


ao 3 1 


ao i o 


ao 3 2 


ao 4 o 


a i i 4 


a 0 0 3 8 






& 


S 


0.1 1 


0.4 1 


1.8 2 


0.020 


ao 2 5 


0.0 2 5 


0.0 4 2 


0.1 0 1 


a o o 4 l 






04 


T 


0.0 8 


0.3 2 


2.0 5 


0.0 1 5 


ao o 9 


0.0 8 4 


ao 4 i 


0.0 8 8 


0. 0 0 4 8 








U 


0.0 9 


0.1 5 


2.1 6 


ao l o 


ao o 3 


0.0 2 3 


ao l 5 


0.1 3 3 


a 0 0 3 5 








V 


0.0 8 


0*2 8 


1.6 5 


0.0 1 1 


ao o 8 


0.0 1 8 


ao 3 l 


0.0 5 2 


a 0 0 3 5 








w 


0.0 8 


0.3 2 


2.0 5 


0.0 1 5 


ao o 3 


ao 2 o 


0.0 4 0 


0.0 9 0 


a 0 0 4 2 








X 


0.0 8 


0.3 0 


1.90 


ao i 3 


aoo 8 
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